Calcium-dependent structural coupling between opposing globular domains of calmodulin involves the central helix.
We have used fluorescence spectroscopy to investigate the average structure and extent of conformational heterogeneity associated with the central helix in calmodulin (CaM), a sequence that contributes to calcium binding sites 2 and 3 and connects the amino- and carboxyl-terminal globular domains. Using site-directed mutagenesis, a double mutant was constructed involving conservative substitution of Tyr(99) --> Trp(99) and Leu(69) --> Cys(69) with no significant effect on the secondary structure of CaM. These mutation sites are at opposite ends of the central helix. Trp(99) acts as a fluorescence resonance energy transfer (FRET) donor in distance measurements of the conformation of the central helix. Cys(69) provides a reactive group for the covalent attachment of the FRET acceptor 5-((((2-iodoacetyl)amino)ethyl)amino)naphthalene-1-sulfonic acid (IAEDANS). AEDANS-modified CaM fully activates the plasma membrane (PM) Ca-ATPase, indicating that the native structure is retained following site-directed mutagenesis and chemical modification. We find that the average spatial separation between Trp(99) and AEDANS covalently bound to Cys(69) decreases by approximately 7 +/- 2 A upon calcium binding. However, irrespective of calcium binding, there is little change in the conformational heterogeneity associated with the central helix under physiologically relevant conditions (i.e., pH 7.5, 0.1 M KCl). These results indicate that calcium activation alters the spatial arrangement of the opposing globular domains between two defined conformations. In contrast, under conditions of low ionic strength or pH the structure of CaM is altered and the conformational heterogeneity of the central helix is decreased upon calcium activation. These results suggest the presence of important ionizable groups that affect the structure of the central helix, which may play an important role in mediating the ability of CaM to rapidly bind and activate target proteins.